Abstract. Although the standard of care for patients with glioblastoma multiforme (GM) remains postoperative radiotherapy (RT) in combination with chemotherapy (CT), the optimal regimen awaits verification. A phase I study was performed to determine the dose limiting toxicity (DLT) and the maximum tolerated dose (MTD) of topotecan (Hycamptin), given concurrently with RT, in patients with previously untreated glioblastoma multiforme (GM) of the brain. Thirty-six patients with histologically confirmed GM were enrolled. After surgery or stereotactic biopsy, patients received conventional external cranial RT (59.4 Gy/33 fractions in 6.6 weeks). Two cycles of topotecan were administered at days 1 and 4 of each week. Each cycle consisted of 30-min intravenous infusion 30-60 min before RT. The dose of topotecan was escalated in three dose increments from 1.0 to 1.25 and 1.5 mg/m 2 on a twice a week schedule among different patient groups. Three dose levels of topotecan were tested. Ten patients accrued to level 1 (topotecan dose 1 mg/m 2 /day, twice a week). No grade 4 toxicities were seen. Grade 2/3 hematologic toxicity was observed in 4 patients. Of the 11 patients included at level 2 (topotecan dose 1.25 mg/m 2 /day twice a week), 3 presented with grade 3 leucopenia and 2 with grade 3 thrombocytopenia. Of the 15 patients accrued to level 3 (topotecan dose 1.5 mg/m 2 , twice a week), six had episodes of grade 4 leucopenia and two developed grade 4 thrombocytopenia. No other serious, early non-hematologic or late toxicities were seen at 21 months median follow-up time (range 6-36 months). From the cases included at level 2 and 3, five patients experienced episodes of grade 2/3 asthenia (13.8%), headache 9 (25%), confusion 5 (13.8%), seizure 4 (11%), and cutaneous erythema 3 (8.3%). The DLTs of topotecan given concurrently with RT were mainly hematological and the MTD was determined at the 1.25 mg/m 2 /day, twice a week dose level. A phase II chemoradiation study using the above recommended MTD dose of topotecan is ongoing, to establish the response rates, the local failures and the median survival of the above patients.
Introduction
Glioblastoma multiforme (GM) comprises 21.7% of primary brain tumors and 47% of all gliomas (1) . Standard treatment for this disease consists of maximal feasible surgical resection combined or not to implantation of carmustine wafers or 5-FU polymers at the time of surgery followed by external radiotherapy (RT) (2) .
Median overall survival in patients treated with postoperative RT is around 1 year, with <10% surviving 2 years, about 6% 3 years and almost none alive at 5 years (3).
Altered fractionation schemes, interstitial brachytherapy, radiosurgery, 3-D conformal RT, boron neutron capture therapy and proton RT have not led to survival improvement (1) .
The addition of adjuvant chemotherapy (CT) to RT improves the 1 year survival by 6% and offers a 2-month increase of median survival time (4) . Nitrosoureas, especially carmustine (BCNU) are the most active single agents, and no other drug or drug combination has been found to be more effective against GM during the last decade; BCNU was regarded as the benchmark drug with a response rate of 20-40% (5) . Nevertheless, nitrosoureas have demonstrated modest antitumor activity in the treatment of GM and due to their delayed myelosuppression, the 6-8 week drug-free intervals among CT-cycles may limit their efficacy (6) .
Recent studies, particularly the large phase III trial performed by the EORTC and NCI of Canada, presented at the 2004 ASCO Meeting, support the use of RT with concurrent CT, followed by post-RT, CT for patients with GM, using temozolomide (TMZ) (7) . However, despite a statistically significant improvement in median survival (15 months for RT+TMZ vs 12 months for RT) and 2-years survival (26 vs 8%), better treatments are needed for these tumors.
Other cytotoxic drugs under investigation include inhibitors of topoisomerase I/II (Topo-I/II) and angiogenesis, as well as ONCOLOGY REPORTS 19: 447-455, 2008 447 Phase I study of weekly topotecan combined to concurrent external cranial irradiation in adults with glioblastoma multiforme of the brain H. VARVERIS 1 , E. PETINELLI 1 , J. STRATAKIS 2 and M. MAZONAKIS drugs that alter signaling pathways. Camptothecin analogs (topotecan and CPT-11) are believed to exert their cytotoxic and radiosensitizing effects through the inhibition of the nuclear enzyme Topo-I. This enzyme functions to induce transient single strand breaks (SSBs) in the DNA matrix, to allow a DNA strand to uncoil, so that DNA strands rotate around each other, ahead of the replication fork and then reseal leaving the enzyme convalently bound to DNA. DNA uncoils while Topo-I repairs the strand. Topotecan stops Topo-I from repairing the strand in one spot and while DNA starts to divide, the drug-induced damage prevents completion of DNA replication. Subsequent interactions of the covalent Topo-I-DNA complexes with moving DNA replication forks lead to irreversible fork arrest. These events lead to the conversion of repairable SSBs of DNA into Double Strand Breaks (DSBs), i.e. irreparable lethal damage of DNA followed by cell death and cell apoptosis (8) .
Topotecan has been considered a promising CT-agent for treatment of brain tumors for its ability i) to penetrate the Blood-Brain Barrier; Blaney et al reported good CNS penetration of topotecan in primates with maximum doses 30 min after a rapid i.v. infusion (9) . ii) To be administered on a more frequent basis because it produces less durable myelo-suppression compared to nitrosureas (BCNU alone or the PCV regimen) (1). iii) For its preclinical activity (tumor regression and growth delay) against xenografts derived from ependymomas, pediatric and adult high-grade gliomas and medulloblastomas (10) . iv) For its clinical activity in treating patients with GM and recurrent GM (11, 12) . v) For its antitumor activity against other solid tumors (13) such as ovarian cancer, hematologic malignancies, SCLC, NSCLC, prostate cancer, soft tissue sarcoma, and metastatic melanoma, and vi) for its radiosensitizing properties in vitro and in vivo (14) . This radiosensitization seems to be schedule dependent, Sphase specific, cell-line dependent, and not directly related to drug cytotoxicity; it was shown that the potentiation of RT exposure by topotecan was maximal when the drug was administered 2-4 h before RT (15) . Due to limiting but encouraging data regarding the radiosensitizing properties of topotecan, in July 2001, we started a phase I/II study to establish the dose limiting toxocities (DLTs) and the maximum tolerated dose (MTD) of topotecan given concurrently with conventional external RT, for patients with GM of the brain. A secondary objective was to determine the acute/late toxicities of the above chemoradiation treatment, as well as the response rates, disease-free and overall survival for these patients.
Patients and methods
A phase I/II trial was undertaken, approved by the research ethics committee of the Heraklion University Hospital, and the Medical School of the University of Crete, Greece.
Patients with histologically documented GM after surgery or stereotactic biopsy, with no prior RT or CT were eligible for the study. Other inclusion criteria were age 21-76 years, performance status (WHO) 0-2, hemoglobin (Hb) >12.5 g/dl, white blood count (WBC) >4,000/μl, absolute neutrophil count (ANC) >2,200/μl, platelets (PTL) >120,000/μl, normal liver, renal and cardiac function, measurable disease on MRI scan, absence of a second primary tumor, and a written informed consent. Patients with major heart, lung, renal or psychiatric disease were excluded.
Pretreatment and treatment evaluation. These include a detailed medical history and physical examination, full blood cell count (FBC), complete blood chemistry, ECG, heart ultrasound test, chest X-ray and an MRI scan of the brain. FBCs, liver function tests (LFTs), serum urea, creatinine and ECG were performed once weekly during RT. Hematologic toxicity was followed with weekly FBCs and differential PTL counts. For grade 2-4 sequelae (WBC: 2.0-2.9, 1.0-1.9, <1.0 K/μl; ANC: 1.0-1.2, 0.5-0.9, <0.5 K/μl; PTL: 50.0-74.9, 25.0-49.9, <25.0 K/μl) respectively, daily counts until recovery were used. LFTs, complete biochemical profile, ECG, and a detailed toxicity questionnaire (headache, nausea, fever, confusion, seizures, insomnia, anorexia, altered taste, diarrhea, asthenia) were performed every week. Chemoradiation sequelae were recorded according to the NCI and RTOG Common Toxicity Criteria for CT and RT (16) . Every other week during the treatment period, patients underwent clinical and neurological examinations, mental status, anticonvulsant levels and assessment of WHO performance status as well as estimation of the doses of corticosteroids and anticonvulsants. At month 1 and every third subsequent month post treatment, the same parameters were evaluated until tumor progression. MRI scans with contrast medium were performed at 3-month intervals after RT and repeated at the time of neurologic deterioration.
Treatment. Seven (19.4%) patients had undergone gross total resections, 18 (50%) partial resections and 11 had stereotactic biopsies (Table I ).
All patients received extenal RT with two Linacs (The 6 MV SL 75-5, Philips SA, West Sussex, UK and the 6 & 18 MV Primus of Siemens, Germany using the 6 MV photon energy). Patients were fixed in a custom-designed immobilization device (a thermoformed mask) and treated in supine or prone position, depending on tumor location. Lateral opposed fields were used only when extensive bilateral tumor involvement was present. Lateral and vertex (or angled vertex) fields in a wedge-pair arrangement were used for lateral lesions, while a 3-field approach for more midline tumors. The initial PTV encompassed the enhancing lesion (GTV) and edema (CTV) with a 2.5-cm margin. The conventional dose schedule was 59.4 Gy given in 33 daily fractions of 1.8 Gy/day, 5 days a week in 6.6 weeks total treatment time. After 45 Gy, the PTV was reduced to include only the enhancing lesion with a 2.5-cm margin (2.5 cm around the T1 contrast in MR-images). All fields were treated daily with a 2D treatment planning graph and an isocentric technique (dose calculation at the 90% isodose line). Portal imaging or simulation films to verify RT-fields were taken every second week. RT was initiated between 30 min and 2 h after topotecan infusion.
Topotecan (Hycamptin) was supplied, by GlaxoSmithKline Pharmaceutical in vials containing 4 mg of lyophilized powder; this, was reconstituted with 4 ml of sterile water for injection before dilution with 0.9% sodium chloride or 5% dextrose. The MTD of topotecan administered as a single agent in studies of recurrent GM (11) or in trials of concurrent chemoradiotherapy (CCRT) (17, 18) has been reported to be 1.5 mg/m 2 /d for 5 days repeated in 3 week intervals. The drug was administered intravenously by 30-min infusion before radiotherapy on days D1, D8, D15, D22, D29, D36, D43 and D4, D11, D18, D25, D32, D39, D46 respectively. The rationale for this approach is that more frequent administration of moderate doses of the drug may achieve greater efficacy than higher doses every 3 weeks, through a more sustained exposure of dividing tumor cells to cytotoxic drug levels. As a consequence, patients should benefit from both a greater dose intensity and higher cumulative doses, while the lower individual doses could be less toxic (19). Despite the knowledge from preclinical and clinical results (9, 13) suggesting that topotecan activity was greatest when given continuously over a prolonged period of time, i.v. continuous infusions from 24 h to 21 days were not used due to the difficulties regarding the availability of the port system and the outpatient based standards of our department. The final topotecan concentration was determined by the dose level studied and by the patient body surface area.
There were three dose levels for topotecan administration. The initial dose of level III was 1.5 mg/m 2 /d given twice a week (biw) and the decrease of further levels was by 0.25 mg/ m 2 , so that the level II consisted of 1.25 mg/m 2 /d, biw and the level I of 1.0 mg/m 2 /d, biw, respectively. The number of patients selected in each group was a random event. We started treating patients with the higher topotecan dose and a greater number of cases was used at level III on the belief that the patients could tolerate more efficacious treatment according to the RTOG data (20, 21) .
Definition of DLT and MTD.
The DLTs were assessed during the whole duration of CCRT and for the following 4 weeks after treatment completion. A DLT was defined as the occurrence of any of the following: i) grade 3/4 leucopenia and/or thrombocytopenia and ii) any non-hematological toxicity grade 3 or more, such as vomiting, nausea, fever/infection, cutaneous erythema, diarrhea, confusion, not resolving to grade 1-2 within 2 days or grade 3/4 asthenia in at least 50% of patients found in the 3 dose groups, iii) any adverse event confirmed to interrupt CCRT for >1 week in 50% of the patients treated in each of the 3 dose level groups. When a DLT occurred, chemotherapy was suspended until the return of a grade 1 toxicity state, and then continued at a lower dose level. Chemotherapy was stopped if DLT reoccurred or in case of a severe side-effect; however RT was continued until the end of the CCRT schedule. The topotecan dose immediately before the level at which the DLT was observed was the MTD or the recommended dose.
Results
Patient demographics. Between July 2001 and July 2006, 36 naïve patients with histologically confirmed GM were enrolled in the study; 33 of the patients had GM and 3 had a mixed anaplastic (grade 3) and grade 4 histology. The median age was 56.7 years (range 21-76 years). Additional characteristics, performance status, grading and resectability are shown in Table I . All patients were evaluated for toxicity. On early postoperative MRI, no residual tumor was seen in 7 patients who had total resection of the brain tumor. Methylprednizolone (16 mg) was given qd or bid during the whole period of CCRT. A total of 14 cycles of topotecan were administered for every patient. All the cases received the dose of the drug, i.v., according to the protocol every Monday and Thursday or Tuesday and Friday each week of external-beam therapy. Chemotherapy was withheld until the WBC count was >3,000 cells/mm 3 and platelet count was >100,000 cells/ mm 3 . Radiotherapy was withheld for grade 3 or 4 hematologic toxicity. A month later after CCRT completion all the patients continued their treatment with the PVC chemotherapy regimen until disease deterioration, and then to temozolomide orally, as second line treatment. Tables II and III show the topotecan dose-escalation levels, the number of patients enrolled at each level, the observed DLTs during treatment and the CCRT delays which are summarized in Tables IV and V. DLTs were only hematological. Ten patients were enrolled at level I (topotecan 1.0 mg/m 2 /d, biw). No grade 4 leucopenia or thrombocytopenia was observed. Grade 2/3 (G2/3) hematologic toxicity was observed in 4 cases. Eleven patients accrued to level II (topotecan dose 1.25 mg/m 2 /d, biw). One patient had G3 thrombocytopenia and three presented with G 2/3 leucopenia (1 G3 neutropenia). For the patients with G3 toxicity (1 with neutropenia and 1 with thrombocytopenia), 5-day treatment interruption was allowed for CCRT continuation. Fifteen cases accrued at level III (topotecan dose 1.5 mg/m 2 /d, biw). Six of these patients had episodes of grade 3/4 leucopenia and 2 developed grade 4 thrombocytopenia. Thus, 8 patients out of 15 treated at the 3rd level presented with G4 hematologic sequelae. One out of two patients with G4 neutropenia also had platelet G3 toxicity and was hospitalized due to febrile neutropenia. Platelet (PTL) transfusions were necessary for one patient with G4 thrombocytopenia who was admitted due to more than 7-day duration of WBC/PTL toxicity. One and 2-week treatment delay was allowed in one (ANC, G4) and two (ANC, G4 and PTL, G4) patients respectively due to G4 hematologic toxicity. Given the observed results at the first (no DLTs) and third (8 occurrences of DLTs) patient groups, the DLT's topotecan dose level was reached at the 1.5 mg/m 2 twice a week schedule; thus, the recommended MTD dose was found as 1.25 mg/m 2 given twice weekly concurrently with external RT along with 6.6-8.6 weeks total treatment time (1 and 2 weeks RT delay due to hematologic toxicity in 3 and 2 patients, respectively).
Dose limiting toxicities (DLTs).

Non-dose limiting toxicity evaluation.
No severe adverse effects were noted during the CCRT treatment or within the month following irradiation. At level I, we had one patient with G3 anemia (Hb=6.5-7.9 g/dl), 2 with G2 leucopenia, one with G1 thrombocytopenia, two patients with G2 nausea/ vomiting, one with G2 weight loss, two with G2 confusion, and 1 with altered taste. All cases with anemia were restored with blood transfusion on an out patient basis combined with HuEPO s.c. injections for an optimal Hb level ≥12.5 g/dl, during the whole course of CCRT. At level II, two patients presented with G2 anemia (Hb=8-10 g/dl), two with G2/3 nausea/vomiting, one with G3 asthenia and one with pulmonary thromboembolism (G3 toxicity). This last sideeffect occurred during the fifth week of CCRT in a patient who was hospitalized for one week. Chemotherapy was interrupted, fraxiparine was administered s.c., and 7-day treatment delay was allowed for RT continuation. The remaining side-effects (diarrhea, anorexia, cutaneous erythema, headache, insomnia, seizures) are shown in Table III . One week treatment delay was necessary for the patient with G3 asthenia treated at the second topotecan dose level who also had G3 neutropenia and another week was given for the patient with G3 thrombocytopenia (Table IV) . At level III, febrile neutropenia occurred in one patient (ANC, G4 plus G4 thrombocytopenia) and restored with hospital admission and antibiotics. Hematologic toxicity plus asthenia G3 were responsible for 1-and 2-week treatment delays in 2 out of 15 patients treated 1.5 mg/m 2 /d, biw topotecan dose level (one patient with ANC, G4 plus G3 asthenia -1 week and one patient with PTL, G4 toxicity -2 weeks) ( Table IV) . Erythema of the skin, diarrhea, headache, insomnia, seizures and lightheadedness most of grade 2 were also reported. In total, 394 cycles of chemotherapy were administered simultaneously with Table II . Myelotoxicity and CCRT delays. 
-----------------------------------------------------------------------------------------------------No. of patients per toxicity grades 2-4 in each of the three dose level groups -----------------------------------------------------------------------------------------------------
weeks/2 patients -----------------------------------------------------------------------------------------------------
a The same patient treated at the 1.25 mg/m 2 , twice a week topotecan dose level. b One of the two patients with G4 neutropenia also had platelet G3 toxicity and was admitted in the hospital due to febrile neutropenia.
-----------------------------------------------------------------------------------------------------
concurrent external RT. A median of 13.83 cycles of chemotherapy were given per patient. During the 5th and 6th week of CCRT, chemotherapy was inter-rupted in one patient with pulmonary embolism while, four were transferred to lower dose levels of topotecan respectively. A dose reduction by one level (from level III to level II) was required in 2 patients and from level II to level I in 2 more patients due to grade 3/4 hematologic toxicity and asthenia as well. There were four patients with 1-(2 cases) and 2-week (2 patients) treatment interruption, respectively (Table IV) . Chemotherapy was permanently abandoned only for the patient with lung embolism, also due to his PS deterioration.
Discussion
In this phase I clinical trial, we investigated the feasibility and toxicity of a concurrent chemoradiotherapy (CCRT) regimen with topotecan. Many authors have described the feasibility of concomitant chemoradiation in patients with glioblastoma multiforme (GM). There are some studies referring to simultaneous chemoradiotherapy of GM with topotecan in adults (20) (21) (22) (23) (24) (25) (26) (27) (28) and in children (29) (30) (31) . Myelosuppression, especially neutropenia and thrombocytopenia were the DLTs. Both the daily x 5 regimen (11,20,21) and the continuous i.v. infusion one (23, 25, 28) comprised of a 6-week course of topotecan at a dose of 0.4-0.5 mg/m 2 /d for 21 days, had been used, but no phase III studies exist to compare the possible clinical superiority of the continuous infusion over bolus injection. The most important determinant of cytotoxicity with topotecan, based on preclinical data in vitro and in vivo appears to be duration of exposure, supported by early studies which have confirmed that prolonged exposure seemed superior to intermittent treatment (32) . Recently, clinical trials in ovarian cancer, lung cancer and other malignancies have started to evaluate the feasibility and toxicity of an alternative scheme of topotecan administration on a weekly basis (33) (34) (35) . The potential benefits of this schedule include better tolerability, reduced toxicity and greater patient convenience or quality of life (19) . No data of weekly or biweekly administration of CCRT with topotecan in GM patients exist. On the contrary, weekly administration of topotecan in NSCLC, ovarian cancer patients or in other malignancies was well tolerated at doses escalated from 1.5 to 2.25 mg/m 2 (35) up to 4 mg/m 2 for reaching effectiveness in untreated ovarian cancer patients (33, 34) . At the 1.5 mg/ m 2 /d x 5 days schedule, Fisher et al reported the results of a phase I (RTOG 9507) and a phase II (RTOG 9513) trial of topotecan plus cranial RT (20, 21) . In contrast to our study, ONCOLOGY REPORTS 19: 447-455, 2008 Table III. Main non-hematologic toxicities. 
-----------------------------------------------------------------------------------------------------No. of patients per toxicity grades 2-4 in each of the three dose level groups -----------------------------------------------------------------------------------------------------
Treatment delay a The patient with embolism was hospitalized for 1 week Table IV . Dose limting toxicities (DLTs) per topotecan dose level for the glioblastoma multiform (GM) of the brain patients treated with concurrent chemotherapy (topotecan) and external irradiation (CCRT). ---------------------------------------------------------------------------------------------------- (2) neutropenia (1) 
patients -----------------------------------------------------------------------------------------------------
ANC, absolute neutrophil count; PTLs, platelets; WBC, white blood count.
a The same patient treated at the 1.25 mg/m 2 /d, biw, had ANC G3 toxicity and G3 asthenia as well.
b The same patient treated at the 3.0 mg/m 2 /week topotecan dose level. c One out of 2 patients treated at level 3, with PTL grade 4 toxicity experienced febrile neutropenia. Chemotherapy was permanently abandoned for the patient with pulmonary thromboembolism. Table V . Overall adverse events of 36 patients treated with topotecan and concurrent RT for a median duration of treatment of 7 weeks (range, 6.6-8.6 weeks). ----------------------------------------------------------------------------------------------------- they administered topotecan as a short (30 min) infusion daily for 5 days, at 21-day intervals commencing at day 1 of RT. The topotecan dose was escalated in 3-dose increments from 0.5 (level 1) to 1.0 (level 2) and to 1.5 mg/m 2 /d (level 3) in different patient groups. Hematologic toxicity increased as the dose of topotecan increased, according to our results. One G3 neutropenia occurred at level 1, out of 15 patients. Five of 17 patients treated at level 2 (1.0 mg/m 2 /d x 5 days) had G4 neutropenia, one of whom grade 4 leukopenia lasting less than 7 days. In addition, there were nine grade 3 hematologic toxicities. In our study at the 1.0 mg/m 2 twice a week level, no grade 3/4 leucopenia or neutropenia occurred, while at the 1.25 mg/m 2 level, 3 out of 11 patients had grade 2/3 leucopenia, (1 G4 neutropenia) and one had G3 thrombocytopenia. In the RTOG 9507 trial, 8 of 17 patients accrued at level 3 (1.5 mg/m 2 /d x 5 days) had brief G4 neutropenia lasting less than 7 days and 4 had G3 thrombocytopenia. One patient had a break in RT treatment and none of the G3/4 neutropenias were associated with fever. In our study, 3 out of 15 patients treated at the 1.5 mg/m 2 , biw schedule, experienced treatment delay (1 week for one patient and 2 weeks for 2 patients). This dose level gives in total 19.8 mg/m 2 in 6.6 weeks treatment time for 5940 cGy of external RT, conventionally fractionated (1. 2 of topotecan respectively in 6.6 weeks treatment time. That is, by using the weekly schedule, greater topotecan doses can be given concurrently with RT with roughly the same hematologic toxicity (higher antitumor activity with larger topotecan doses, keeping the main CCRT sequelae in standard non-prohibitive levels).
-----------------------------------------------------------------------------------------------------
In our study, no cognitive testing was done to evaluate neurological late toxicity at 21 months (range 6-36) median follow-up time; however, no early severe neurological CCRT sequelae were reported, suggesting that topotecan does not increase RT toxicity. This is in accordance with two aforementioned trials (11, 20) .
Previous 8%) , including 4 G4 thrombocytopenia, 2 G4 neutropenia (1 of more than 7 days) and 1 platelet transfusion. The above data compare favorably with that of our own [1 G3 anemia, 7/36 G3/4 leucopenia (19.4%), 2/36 G4 thrombocytopenia (5.5%)]. Furthermore, CCRT was performed conventionally fractionated (60 Gy) with 0.5 mg (absolute dose) of topotecan, i.v., every day 1 h prior to RT resulting in a cumulative dose of 15 mg, in two studies (22, 24) . Toxicity G3/4 occurred in 9 out of 57 patients (15.8%); two were hematologic, three with motoric disorders, one esophagitis, one infection, one nausea, and one mental disorder. It seems that the CCRT regimen used from the German authors (Philips University of Marburg, Germany) in the aforementioned trials offers the best advantage regarding treatment effectiveness, reduced toxicity, greater patient convenience and quality of life, for treating GM cases on an out-patient basis. The above thesis was also supported by the children's Cancer Group (30, 31) and by the French Society of Pediatric Oncology (29) ; they all tried to maximize the number of intermittent injections of topotecan by infusing the drug at a dose of 0.4 mg/m 2 /d, over 30 min within 1 h before RT for 33 days in phase I studies with brainstem/pontine glioma patients.
Maximal radiosensitization by topoisomerase-I (topo-I) inhibitors occurs during or immediately after RT (15). Blaney et al (9) examined the plasma and CSF pharmacokinetics of topotecan in non-human primates; they found peak CSF concentrations 30 min after injections. Administration of the drug more than 30 min before RT would allow for decay of these peak topotecan CSF levels (9). Although Danks et al (36) reported that intermittent exposure to topotecan produces growth inhibition equivalent to continuous exposure, there are some reasons supporting that large number of intermittent injections or continuous infusion (c.i.) are superior to bolus injections. The cytotoxicity of camptothecins is dependent on the formation of topo-I/DNA complexes during the S-phase of the cell cycle; c.i. or more frequent (twice or 5 days per week) i.v. injections can increase cell death by permitting a greater number of tumor cells to enter S-phase when the drug is present. The above modes of topotecan administration can provide constant exposure to the drug during RT, acting as permanent radiosensitizer, potentially maximizing antitumor activity and CSF penetration, and at the same time offering reduced hematologic toxicity.
We started the above CCRT trial with GM patients by using topotecan on a twice a week schedule because of the existing experience (37) (38) (39) (40) and the absence of a Radiotherapy Clinic in our Hospital.
No evidence could be presented that the above protocol (The Kaplan Meier, Relapse-Free Survival and Overall Survival curves are under investigation) is at least as effective as: i) the RTOG 9507/9513 phase I/II trials (20, 21) , ii) the concomitant treatment with topotecan as continuous infusion (25, 27) , and iii) the every day, i.v., regimen, 30-60 min before irradiation (22, 24, (29) (30) (31) . This merits further evaluation in phase III trials. A phase II trial is ongoing in our department to establish the response rates, the local failures and the median survival of the above patients. ONCOLOGY REPORTS 19: 447-455, 2008 
